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Abstract. We present near-infrared (NIR) spectra, deep
J ,H andK low-resolution images, and high-resolution im-
ages in J and Ks of the low-metallicity blue dwarf galaxy
SBS 0335-052. These new NIR data, together with opti-
cal and mid-infrared data from the literature, are used
to constrain the properties and the star formation history
of the galaxy. The NIR spectral characteristics and broad-
band colors of this galaxy are those of an extremely young
starburst. We find that the NIR emission is dominated by
star formation occuring in clusters younger than 5 Myr;
no optically hidden star formation is revealed in our data.
We also find that a warm-dust component is necessary to
explain the H −K color, and is consistent with the mid-
infrared spectral energy distribution. Finally, we quantify
the possible contribution from an evolved stellar popula-
tion.
Key words: Blue Compact Dwarf Galaxies – Near-
Infrared – SBS 0335-052
1. Introduction
SBS 0335-052 (Izotov et al. 1990) is a Blue Compact
Dwarf (BCD) galaxy that, at an abundance of Z⊙/41
(Melnick et al. 1992, Izotov et al. 1997), is the second
lowest metallicity galaxy known after I Zw 18. SBS 0335-
052 hosts an exceptionally powerful episode of star for-
mation, and Thuan et al. (1997) proposed, on the basis
of HST observations, that the present burst is possibly
the first star-forming episode in the history of the galaxy.
The same authors deduce that the star formation occurs
in six Super-Star Clusters (SSCs) not older than 25 Myr
and located within a region smaller than 2′′, or 520 pc at
a distance of 54.3 Mpc that we will assume in this paper
(vhelio = 4060 ± 12 km/s, see Izotov et al. 1997). Though
the presence of dust mixed with the star forming clusters
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⋆ Based on data obtained at ESO-NTT in La Silla, Chile and
at UKIRT on Mauna Kea, Hawaii.
is evident from the HST images, the ISO observation by
Thuan et al. (1999) of a very strong continuum at 10µm
was a surprise. This was successfully modeled with a mod-
ified black body and a screen extinction of AV = 21, and
interpreted as due to thermal emission by silicate dust
(M <∼ 10
3M⊙) warmed by embedded clusters of star for-
mation completely invisible in the optical.
Because of the lack of chemical enrichment, low-
metallicity BCDs such as SBS 0335-052 are also hypo-
thetical candidates for young or primeval galaxies (PGs)
undergoing their first burst of star formation. While the
majority of BCDs show an underlying extended low-
surface-brightness component with colors indicative of an
intermediate-age or old stellar population (Loose & Thuan
1985; Kunth et al. 1988; Papaderos et al. 1996; Telles &
Terlevich 1997), there is still debate whether such a com-
ponent has been detected in the two most metal-deficient
BCDs presently known, I Zw18 (Z⊙/50, Searle & Sargent
1972) and SBS 0335–052. High-resolution HST optical im-
ages of I Zw 18 (Hunter & Thronson 1995) show colors of
the underlying diffuse component consistent with a sea of
unresolved B or early A stars, with no evidence for stars
older than a few tens of Myr, although Aloisi et al. (1999)
and O¨stlin (2000) have claimed to detect a 1-4 Gyr stellar
population in that BCD. Similar observations of SBS 0335-
052 (Thuan et al. 1997) show colors much bluer than those
expected for such an intermediate-age stellar population.
The optical evidence is only suggestive, however, since a
large fraction of the extended emission in SBS0335-052 is
of gaseous origin (Thuan et al. 1997).
Near-infrared (NIR) colors can help resolve the age
question, since they are extremely effective indicators of
stellar population age, given the metallicity. While NIR
colors of evolved stellar populations vary little (Griersmith
et al. 1982; Frogel 1985; Giovanardi & Hunt 1988, 1996),
recent evolutionary synthesis models (Leitherer et al. 1999
– SB99; Kru¨ger et al. 1995) show that the NIR colors of
young stellar populations differ significantly from those
of older ones. Both models find that longward of 1µm,
the nebular continuum dominates the emission during the
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Fig. 1. Low-resolution near-infrared spectrum of SBS 0335-052. The vertical dotted lines show the positions of the
strongest stellar absorption (CO) lines. The continuum slope has been corrected according to the photometric mea-
surements.
early phases (a few Myr) of the starburst. Therefore NIR
colors provide a unique and effective diagnostic, and when
combined with optical colors, are good indicators of stellar
population age.
NIR spectroscopy has a three-fold importance for our
analysis. First, it enables the estimate of the nebular con-
tribution to the emission in order to decontaminate the
broadband colors. Second, it is an almost extinction-free
probe of the starburst parameters in what are typically
dusty environments. Finally, it offers unique constraints
on the star-formation history of the galaxy. In particu-
lar the equivalent width of Brγ is possibly the best age
indicator for young starbursts since it measures the ra-
tio between young blue massive stars and the evolved red
stellar population. The NIR CO absorption features are
the strongest signature of cold evolved stars, as are the
He ricombination lines for hot massive stars, and [FeII]
for supernova remnants. Finally the infrared is the only
spectral region where the molecular gas can be detected
in its warm phase through H2 emission lines.
It is therefore of crucial importance to further investi-
gate SBS 0335-052 in the near-infrared to study the stel-
lar populations in this extremely low-metallicity system,
as well as investigate the putative hidden star formation
suggested by the large extinction derived from the mid-
infrared spectral energy distribution. With this aim we
have obtained NIR spectra in the H and K bands, and
broadband images in J , H , K, and Ks. We present here
the results of our new observations. The SBS 0335-052 sys-
tem consists of two widely separated (22 kpc in the East-
West direction) star-forming components within a large
64× 21 kpc HI cloud (Pustilnik et al. 2000). We denote
the eastern component by SBS 0335-052, and the western
one (Lipovetsky et al. 1999) by SBS 0335-052W.
The present paper is organized as follows. In Sect.2 we
present our data along with a description of the observa-
tions and data reduction. Sect.3 is a description of the NIR
spectrum and of the properties of the galaxy as can be de-
rived from the analysis of the spectrum. The same is done
in Sect.4 for the near-infrared images. The characteristics
of the galaxy derived from the observations are combined
with data from the literature, and then used to constrain
a starburst model in Sect.5. In Sect.6 we summarize the
results of our work.
2. Observations and data reduction
Our data were acquired at ESO, La Silla, with the
NTT and SOFI, and at UKIRT, Mauna Kea, with IR-
CAM3. The former camera+spectrometer is based on a
1024×1024 Hawaii HgCdTe array, and the latter camera
on a 256×256 NICMOS3.
2.1. NIR spectra
Low-resolution (R=600) spectra of SBS 0335-052 covering
the H and K infrared bands were obtained with SOFI at
the NTT in two different occasions: first in August 1998
with 45m of integration, and later in December 1998 with
similar conditions and the same amount of integration
time. In both cases we used a slit 1′′ wide (5 arcmin length)
oriented along the ”major axis” of the galaxy PA ≈ 145.
Since the source is much smaller than the length of the
slit, the nod-on-slit technique was used to acquire the sky
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spectrum. The data reduction followed the standard pro-
cess of flat-fielding and sky-subtraction. A lamp spectrum
was used to correct the 2D spectra for distortions along
the slit, and to have an accurate wavelength calibration.
1D spectra were extracted with an aperture of 1.′′5 cen-
tered on the brightest peak.
Particular attention was given to achieving a good esti-
mate of the continuum slope. The 1D spectra were divided
by the spectrum of a solar-type star observed under the
same conditions to correct for the telluric absorption fea-
tures. Then the solar spectrum was used to reestablish the
original slope as described by Maiolino et al. (1996). The
two spectra have been averaged with equal weights. The
spectrum was flux calibrated extracting the photometry
from the corresponding apertures in our H and K images.
This also lead to the adjustment of the continuum that
was otherwise too blue1. Comparison of the spectrum with
the photometric values was always done by convolving the
spectrum with the filter bandpass measured in the labo-
ratory. The 1D combined spectrum flux and wavelength
calibrated is shown in Fig. 1.
A medium-resolution (R=1400) spectrum in the Ks
band was observed with SOFI in October 1999 under ex-
ceptional seeing conditions (0.′′5 average of the night); the
total integration time was in this case 1h. We used the
same slit and same PA as in the observations described
above, and the same procedure was used for the data
reduction. At this spatial resolution, two peaks of emis-
sion separated by about 1.′′5 were clearly resolved in the
2D spectrum. Two 1D spectra centered on the two peaks
were extracted with apertures of 0.′′8 (south-east) and 0.′′6
(north-west). We will refer to these spectra as A and B
respectively in the rest of the paper. Since the observed
band is well transmitted by the atmosphere no correc-
tion or readjustment of the slope was applied. The spectra
were flux calibrated extracting the photometry from the
corresponding apertures in the 0.′′073KS image (see next
section). The flux- and wavelength-calibrated spectra are
shown in Fig.2. All the spectra have been smoothed to
lower resolution to reduce the noise.
Including the errors on the photometry, centering and
size of the apertures the flux calibration of the spectra can
be estimated to be accurate within 10%.
2.2. NIR images
We acquired J (1.2µm ), H (1.6µm ), and K (2.2 µm)
images of the nominal central (E) and western (W) compo-
nent of SBS 0335-052 with the 3.8-m United Kingdom In-
frared Telescope (UKIRT2) equipped with IRCAM3. The
1 This is not surprising since it is well known that the vari-
ability of the atmospheric transmission makes difficult a reli-
able determination of the infrared continuum.
2 The United Kingdom Infrared Telescope is operated by the
Joint Astronomy Centre on behalf of the U.K. Particle Physics
and Astronomy Research Council.
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Fig. 2. Medium-resolution near-infrared spectrum of
SBS 0335-052. The scale on the left refers to the top spec-
trum (aperture A), the one on the right to the bottom
spectrum (aperture B). The dotted lines mark the posi-
tions of stellar absorption features. The slope of the con-
tinuum has not been corrected.
plate scale is 0.′′28, with a total field-of-view of 72′′; the E
andW components are separated by roughly 84′′, too large
to be accommodated by the IRCAM3 field-of-view, so we
performed separate sets of observations for the two compo-
nents. The source was placed in several different positions
on the array, taking care not to compromise the flat field
by having overlap in the source positions. At the begin-
ning of each observing sequence, dark exposures were ac-
quired with the same parameters as the subsequent science
frames. Total on-source integration times were 55min and
48min in K for the E and W components, respectively;
30 and 34min in H ; and 19 and 27min in J . Individual
frames were dark-subtracted and flat-fielded with a sub-
set of the remaining frames in the sequence, after editing
them for stars (to avoid ”holes” in the reduced frames).
The reduced frames were then registered and averaged;
observations obtained on different nights were combined
with a similar algorithm, but with the flux scale given by
the relative photometric calibration, and weighted by the
total integration time.
Photometric calibration was performed by observing
standard stars, every few hours, from the UKIRT Faint
Standard List. As for the source observations, each stan-
dard was measured in several different positions on the ar-
ray. We corrected for atmospheric extinction by fitting si-
multaneously, for each band, an extinction coefficient com-
mon to all nights and a “zero point” that varied from night
to night. The resulting extinction coefficients are 0.049, 0,
and 0.046 mag/airmass in J , H , and K, respectively. For-
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Fig. 3. The contours of the HST V -band image taken from
Thuan et al. (1997), superimposed on theK-band image of
SBS 0335-052 obtained at UKIRT. The contours, shown in
black, range from 16 to 24 V mag/arcsec2, and the grey
scale of the underlying image ranges from 16 to 21.5 K
mag/arcsec2. The tickmark labels correspond to arcsec in
the N and E directions.
mal photometric accuracy, as judged by the nightly dis-
persion of the standard stars is 0.025mag, or better, in all
three bands. We have corrected all photometry for Galac-
tic extinction (AB = 0.09 mag) using the extinction law
of Cardelli et al. (1989).
The final UKIRT deep K-band image is shown in
Fig.3, with the contours of the HST V -band image from
Thuan et al. (1997) superimposed. As measured from the
combined frames, seeing was 1.′′1 in J , 0.′′81 in H , and
0.′′75 in K. The combined images have a 1σ sensitivity
(per pixel) of 22.4 mag/arcsec2 in J , 21.4 mag/arcsec2 in
H , and 21.4 mag/arcsec2 in K.
Three images were also acquired in October 1999 with
SOFI at the NTT. A J image with a scale of 0.146 arc-
sec/pix and a total integration of 300 sec, a Ks image
with the same scale and integration time and a Ks im-
age with a scale of 0.′′073 /pixel and integration time of
400 sec. The ESO Ks filter has a central wavelength λc of
2.162µm, and a FWHM ∆λ of 0.275µm (c.f., UKIRT K
has λc = 2.21µm, and FWHM= 0.37µm). The jitter-on-
source technique was always used. All the images were
reduced following the standard procedures of flat-field,
sky-subtraction and realignment. Photometric calibration
was achieved through large-aperture photometry of the
UKIRT images. The seeing measured on the combined
images is 0.′′49 (J), 0.′′41 (Ks) and 0.′′33 (0.′′073 Ks)! Here-
Fig. 4. The high-resolution (0.′′073 /pixel)Ks-band image
of SBS 0335-052 obtained with SOFI at NTT with the
SSCs denoted by Thuan et al. (1997) labeled. The HST V
image is superimposed on the SOFI image, with contours
running from 17 to 20 V mag/arcsec2, N up, E left.
Table 1. Recombination lines in SBS 0335-052 from the
low-resolution spectrum, λ in µm and fluxes measured in
10−16 erg/s/cm2
Line λrest Flux
Br13 1.611 1.9 ± 1.0
Br12 1.641 3.7 ± 1.0
Br11 1.681 4.4 ± 0.8
HeI33P 0 − 43D 1.700 1.0 ± 0.8
Br10 1.737 4.7 ± 0.8
Brδ 1.945 9.0 ± 0.7
HeI21S − 21P 0 2.058 5.3 ± 0.5
HeI33P 0 − 43S 2.113 1.2 ± 0.5
+31P 0 − 41S
Brγ 2.166 14.8 ± 0.8
after, these SOFI images will be called high-resolution (Ks
only, 0.′′073/pix), medium-resolution (J and Ks, 0.146
arcsec/pix), and the UKIRT images low-resolution (J ,
H , K 0.28 arcsec/pix). Fig.4 shows the high-resolution
Ks SOFI image, together with the SSC nomenclature of
Thuan et al. (1997). The figure shows, at a significantly
higher resolution and better seeing than Fig. 3, the same
central structure as seen in the visible and in the deeper
UKIRT image. The lack of extended structure in the high-
resolution image is due to its lower sensitivity.
3. The NIR spectrum of SBS 0335-052
The low-resolution spectrum of Fig.1 is centered on the
brightest spot observable in the galaxy, which includes the
L. Vanzi, L. K. Hunt, T. X. Thuan and Y. I. Izotov: The near-infrared view of SBS 0335-052 5
Table 2. H2 lines in SBS 0335-052 from the low-
resolution spectrum, λ in µm and fluxes measured in
10−16 erg/s/cm2
Line λrest Flux
H2(6,4)Q(1) 1.601 1.5 ± 1.0
H2(1,0)S(3) 1.957 2.8 ± 1.0
H2(1,0)S(2) 2.033 1.0 ± 1.0
H2(2,1)S(3) 2.073 1.0 ± 0.7
H2(1,0)S(1) 2.121 2.4 ± 0.7
H2(1,0)S(0) 2.223 1.4 ± 0.7
H2(2,1)S(1) 2.248 1.0 ± 1.0
H2(2,1)S(0) 2.355 2.3 ± 1.0
Table 3. Emission lines detected in the medium-
resolution spectrum, apertures A and B: λ in µm and
fluxes measured in units of 10−16 erg/s/cm2
Line λrest Flux (A) Flux (B)
HeI21S − 21P 0 2.058 2.5 ± 0.4 1.0 ± 0.2
HeI33P 0 − 43S 2.113 0.6 ± 0.4 0.2 ± 0.2
+31P 0 − 41S
H2(1,0)S(1) 2.121 1.2 ± 0.4 0.5 ± 0.2
Brγ 2.166 8.9 ± 0.4 3.6 ± 0.2
H2(1,0)S(0) 2.223 1.1 ± 0.6 0.3 ± 0.3
SSCs 1, 2 and partially 3 of the HST image of Thuan et al.
(1997). The medium-resolution spectra of Fig.2 acquired
under better seeing conditions are centered, respectively,
on the SSCs 1–2 and 4–5 following the same notation.
We detect two classes of lines in our near-infrared
spectra, mainly ricombination lines and molecular hydro-
gen lines. Identification and flux of the lines detected are
shown in Tables 1, 2 and 3. The flux emitted in each line
has been measured by integrating over the line profile;
since the lines are not resolved, we did not attempt to fit
gaussians.
3.1. Hydrogen lines and extinction
The Brγ in emission with an equivalent width (EW) ex-
ceeding 200 A˚ stands out as one of the most prominent
ever observed in any extragalactic object. We have mea-
sured the extinction with this line, using the ratio Hβ/Brγ.
The Hβ flux has been measured from the optical spectrum
of Izotov et al. (1997), extracted with the same aperture
(1′′ × 1.′′5). The value obtained is 3.273 10−14 erg/s/cm2.
Assuming an intrinsic value of Hβ/Brγ = 42.73 as cal-
culated by Hummer & Storey (1987) for case B and T=
20000 K and ne = 100 cm
−3 (Izotov et al. 1997), and
using the extinction law of Rieke & Lebofsky (1985) we
calculate AV = 0.73. This value is slightly higher than
AV = 0.55 measured in the optical (Izotov et al. 1997), but
much lower than the (AV ∼ 21) estimate of Thuan et al.
(1999) from their mid-infrared observations. Other Brack-
ett lines, although detected in the spectrum, do not have
accurate enough flux measurements to give reliable esti-
mates of the extinction on a relatively short wavelength
base.
To compare our value with the optical one, we have
extracted the Hα flux in the same aperture from the spec-
trum of Izotov et al. (1997) to obtain a flux of 1.04 10−13
erg/s/cm2. With this value and using an intrinsic ratio
of Hα/Hβ = 2.75 (Hummer & Storey 1987), we calcu-
late AV = 0.48. These values give E(B-V)(Hβ/Brγ)= 0.15
and E(B-V) (Hα/Hβ) = 0.24 that are too similar to be
able to distinguish the dust distributions. Specifically, they
are consistent with a homogeneous foreground screen, a
clumpy screen, or a homogeneous mixture of dust and gas
(Calzetti et al. 1996). If we repeat the same exercise using
the global fluxes from the galaxy integrated along the slit
we derive the following values: 2.20 10−13, 7.20 10−14 and
2.31 10−15 erg/s/cm2 respectively for Hα, Hβ and Brγ
fluxes, and calculate AV = 0.33− 0.34. We have therefore
the possibility of a slightly higher extinction toward the
center of the galaxy, with the near-infrared penetrating
deeper into the core of the star formation. From the com-
parison of the extinction measured in the optical, near-
and mid-infrared we can conclude that even at 2µm we
are not yet seeing the hidden star formation hypothesized
by Thuan et al. (1999).
3.2. Molecular hydrogen lines
Several emission lines of molecular hydrogen are detected
in our low-resolution spectrum while only the (1,0)S(1)
and (1,0)S(0) lines are clearly visible in the medium-
resolution spectrum. We have compared our line ratios
with the models summarized by Engelbracht et al. (1998)
in their Table 8 and derived from Black & van Dishoeck
(1987). With two exceptions, all the lines observed in the
K band are consistent, within the errors, with both ther-
mal and fluorescent excitation. The (2,1)S(3) at 2.073µm
line should not be visible in our spectrum for thermal exci-
tation and the (2,1)S(1) line 2.248µm should be relatively
bright for fluorescent excitation, while in our spectra it is
barely detected. Longward of rest wavelength 2.23 µm, the
noise of the low-resolution spectrum increases due to the
thermal background, and this could explain the low detec-
tion of the (2,1)S(1) transition and thus favor fluorescent
excitation.
Evidence to support fluorescence comes from the H
part of the spectrum where the transition (6,4)Q(1) is de-
tected, though at a low level, at rest wavelength 1.601
µm. The detection of this line is a bit doubtful, however,
since it is in a quite noisy part of the spectrum. Neverthe-
less, if confirmed it would be an unquestionable signature
of fluorescent excitation. The non-detection of the transi-
tions (5,3)O(3) and (6,4)O(3), that should be comparable
in flux to (6,4)Q(1), is not surprising since at this reso-
lution they are respectively blended with Br13 and Br10.
The quality of the spectrum is not sufficient to attempt
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any deblending. On the contrary, the non-detection of the
(1,0)S(2) transition in the high-resolution spectrum is sur-
prising since the line should be relatively bright for both
fluorescent and thermal excitation. We can therefore draw
no firm conclusions in either direction based on the anal-
ysis of the H2 line ratios.
Whether fluorescent or thermal, the H2 excitation is
very likely to be related to the strong UV field that dom-
inates SBS 0335-052 as clearly shown by the outstanding
Brγ. If we assume that UV exitation dominates, we can
use the ratio (1,0)S(1)/Brγ as a diagnostic. Both lines in
fact would have the same origin, mainly UV radiation by
massive stars, and their ratio is defined by the efficiency
of the H2 excitation. Puxley et al. (1990) have shown that
this efficiency is a function of the gas density and of the
UV flux strength. The latter parameter is tightly bound to
the IMF characteristics and to the geometry of the emit-
ting region. In particular they show how high values of
(1,0)S(1)/Brγ, typically 0.4 - 0.9, are easily produced by
an ensemble of hot stars embedded in a large molecular
cloud (geometry A), while low values, below 0.4, are most
likely produced by large “nude” clusters of stars since the
ratio of theH2 emitting surface and the HII volume is min-
imized (geometry B). Vanzi & Rieke (1997) have measured
(1,0)S(1)/Brγ typically below 0.1 in their sample of BCDs
which suggests that star formation occurs in clusters in
these galaxies. This is perfectly consistent with what is
observed for instance in NGC 5253, II Zw 40 (Aitken et
al. 1982) and SBS 0335-052 itself.
Here, we can compare the measured values of
(1,0)S(1)/Brγ (= 0.16, 0.13 and 0.14, respectively for
the low-resolution, medium-resolution A and medium-
resolution B) with the models of Puxley et al. (1990).
From the Hβ flux corrected for 0.55 magnitudes of visual
extinction, we have a ionizing flux Log(UV)=52.6 (case
B). For ne = 10
2 cm−3 the observed ratios are well repro-
duced by geometry A but a slightly higher density (that is
a very likely possibility since Izotov et al. 1997 quote 390
cm−3) would cause the ratio to jump to unacceptably high
values. A density higher than 102 cm−3 or a higher UV
flux would be necessary to reproduce the observed value
in geometry B. Given the density measured by Izotov et
al. (1997) the latter is therefore the most likely picture.
It is remarkable that the emission in the (1,0)S(1) line
is so strong when compared to other low-metallicity BCD
galaxies as those observed by Vanzi et al. (1996) and Vanzi
& Rieke (1997). Moreover, the (1,0)S(1)/Brγ is amongst
the highest observed for this class of galaxies. This can
be possibly justified with a high molecular gas (H2) con-
tent in SBS 0335-052 as the dust abundance suggested by
Thuan et al. (1999) may support. The role of dust in the
H2 emission is, in any case, far from being understood
and any statement in that respect must be considered, at
the moment, simply speculative. The H2 is probably very
clumpy as FUSE observations of I Zw 18 (Vidal-Madjar et
al. 2000) have shown that there is very little diffuse H2
(< 30M⊙).
3.3. Helium lines
We detect the 43D − 33P 0 transition at rest wavelength
1.700 µm and the blend of 41S− 31P 0 and 43S − 33P 0 at
rest wavelength 2.113 µm. The blend at 2.113 µm is also
detected in the high resolution spectrum on both aper-
tures.
It has been pointed out by Vanzi et al. (1996) and later
by Engelbracht et al. (1998), how the 1.70 and 2.11 µm He
I line can be used to constrain the presence of massive stars
in starbursting galaxies. In fact their ratio with the HI
recombination lines is proportional to the relative volumes
of ionized He and H and therefore to the temperature of
the ionizing stars. Above a maximum value of the effective
star temperature (40000K, Shields 1993), the two volumes
become identical and the line ratio saturates.
For a gas temperature of 20000 K and a singly ion-
ized helium abundance of 0.078 (Izotov et al. 1997) the
saturated values calculated by Vanzi et al. (1996) rescale
as follow HeI 1.7/Br10 = 0.29 and HeI 2.11/Brγ = 0.049.
Both observed ratios are consistent with the saturated
values which implies that stars with T∗ > 40000K, or
M > 35M⊙, are present in large numbers in all the re-
gions observed.
We do not attempt to interpret the HeI 2.06/Brγ ratio
since this is complicated by radiative transfer effects. We
simply notice that the observed values 0.36, 0.26 and 0.24,
respectively in the three spectra, are consistent with the
model of Shields (1993) with T∗ > 45000K, n = 100 cm
−3
and filling factor unity.
The positions of other HeI recombination lines are
marked in the H part of Fig.1. Peaks are detected at
the correct wavelengths, but though the correspondence
might be tantalizing, these detections are not convincing
since they are at the 1 σ level at best. Furthermore all
these lines should be much fainter according to the ratios
of Smits (1991). However it is known (Izotov et al. 1999)
that optical He I lines are enhanced by fluorescence and
collisional mechanisms and such mechanisms could also
be potential sources of the enhancement of He I lines also
in the NIR. Benjamin et al. (1999) have shown that col-
lisional enhancement is relatively small for the strongest
lines HeI 1.70, 2.06 and 2.11 µm, but they do not discuss
the effect on other lines. Unfortunately the NIR spectrum
is not deep enough to claim with certainty the detection of
He I lines other than those discussed above and to quantify
the enhancement.
3.4. Other spectral features
Besides the recombination and molecular hydrogen lines,
no other relevant features are detected in our spectra.
Some conclusions can be driven by these non-detections.
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Fig. 5. Spatial profile along the slit of the K continuum
(solid), Brγ (dashed) andH2 (dotted) in the low resolution
spectrum of SBS 0335-052.
The complete absence of the [FeII]1.64 line in the H
part of the spectrum is clear evidence for a low number
of supernovae in SBS 0335-052. The relation between the
emission of this line in starburst galaxies and the pres-
ence of supernova remnants (SNRs) has been extensively
proven and does not need to be discussed here (see for
instance Moorwood & Oliva 1988; Greenhouse et al. 1991;
Forbes & Ward 1993; Vanzi & Rieke 1997). Given the low
metallicity of SBS 0335-052 it is impossible to convert the
[FeII]1.64 upper limit into a reliable limit on the number
of supernovae.
The position of the main stellar absorption features are
marked in Fig. 1 and 2 by dotted lines. No clear stellar
absorption bands are detected either in the H or in the
K spectrum. The depression of the continuum between
2 and 2.05 µm corresponds to the main absorption band
in K and is surely due to the earth’s atmosphere. Stellar
absorption bands in this spectral range are dominated by
CO and metal absorption lines in the atmosphere of cold
evolved stars. Though the S/N on the continuum is low,
this proves at least that the contribution to the continuum
by evolved stars must be small. Both the small number of
SNRs and the lack of stellar absorption features support
the idea that SBS 0335-052 is dominated by a very young
population of massive stars, a point that will be better
quantified in Sect.5.
We also detect an emission line at restwavelength 1.545
µm, that we have not been able to identify with any known
line; it is by far too bright to be identified as Br17 (no
Brackett line is above our detection limit beyond Br13)
and is possibly spurious.
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Fig. 6. Spatial profile along the slit in the medium reso-
lution spectrum of SBS 0335-052, lines as in the previous
image plus Brγ/continuum as a solid thick line.
3.5. Spatial profiles of emission lines
From our 2D spectra we have extracted the profiles cor-
responding to Brγ, H22.12 and the continuum between
these two emission lines. The results are plotted in Fig.
5 for the low-resolution spectrum and in Fig. 6 for the
high-resolution spectrum. All profiles are normalized to
unity. Though the spectral resolution is different, the spa-
tial scale is identical in the two observations.
In Fig. 5, the seeing was about 1 arcsec. There is an
evident difference between the continuum (solid line) and
the emission lines (dotted and dashed lines), with the con-
tinuum being more extended in the northwest direction.
This result only partially confirms the observation of Izo-
tov et al. (1997) who find a shift of the optical continuum
respect to the emission lines of 200 pc in the northwest
direction. Brγ and H22.12 have an identical profile which
supports the idea of a common origin for the two lines,
which must be mainly related to the star formation pro-
cess.
We can do a much better analysis on Fig. 6 since the
spectrum was taken under seeing conditions that were at
least a factor of two better. In this case the difference is
even more striking: the continuum has a double-peaked
shape. The two peaks can be identified with the SSCs
1–2 and 4–5 of Thuan et al. (1997). The emission lines,
instead, have a single-peaked profile that is shifted by 0.23
arcsec, or 60 pc, in the southeast direction with respect to
the main continuum peak. This shift is at least a factor of
three smaller than the one measured by Izotov et al. (1997)
in the optical and that has been recently confirmed by new
high resolution optical observations at Keck (Izotov 2000,
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private communication). The near-infrared continuum is
therefore displaced respect to the optical. We can interpret
this result as due to extinction or to a different mechanism
dominating the emission at different wavelengths. Since
extinction is low both in the optical and NIR, the most
likely explanation for this shift is the dominant gaseous
contribution to the 2µm emission (see Sect.4.3).
Again both emission lines show an identical profile that
smoothly declines with a wing toward northwest without
showing a second peak. The difference in shape between
the continuum and the emission lines is remarkable. We
have directly compared our profiles with those of Izotov
et al. (1997), and after smoothing the profiles of Fig.5 to
the lower spatial resolution, found a very good agreement
between Brγ, H2, Hα, Hβ and K continuum, while the
shift in the optical continuum peaked 200 pc away from
all the emission lines and the K continuum is striking.
We also attempted to study the Hβ/Brγ ratio along the
slit but due to the low spatial resolution of the Hβ profile
this study did not add anything to the results presented
in Sect.3.1.
In Fig.6 we also show the ratio Brγ/Continuum (thick
solid line) that has a main maximum southeast and a sec-
ondary peak between the SSCs 1-2 and 4-5. This ratio
tracks the star formation along the slit.
4. Near-infrared morphology and colors
Fig.3 and 4 show that the NIR structure in the eastern
(central) component is very similar to that seen in the
optical: namely two peaks aligned along the southeast-
northwest direction, separated by roughly 1.′′5, and a
northwest extended region. This extension, in which fil-
amentary structure is clearly evident in the optical, is
smoother in the K contours, but such smoothness may be
due to the limiting sensitivity of theK image for extremely
blue colors. The peaks are the SSCs 1–2 and 4–5 in the
notation of Thuan et al. (1997), the separate components
of which are not well resolved even in the 0.′′07 Ks image
at 0.′′3 seeing. Also as in the optical, but slightly smaller,
there is a diffuse low-surface brightness region extending
northwest of the SSCs 4–5. Our UKIRT K image is deep
enough to sample typical galaxy colors of B−K ∼ 3−3.5,
so the B − K color in the faint extension must be bluer
than that. Any structure in the western component, 84′′
away from the central (E) one, is not easily discernible
because of its faintness and the low resolution of the deep
UKIRT images.
4.1. Integrated and SSC photometry
From the deep UKIRT images we derived total magni-
tudes of SBS 0335-052 and SBS 0335-052W which are
given in Table 4. Typical formal errors on the photom-
etry are 0.02–0.03 for the eastern component, and 0.04–
0.10 for the western one. Inspection of the table shows
Table 4. NIR Photometry of SBS 0335-052
Component φa Kb0 (J −H)
b
0 (H −K)
b
0
Global (E) 4 15.86 0.26 0.56
6 15.72 0.22 0.57
8 15.64 0.21 0.59
10 15.59 0.21 0.58
12 15.51 0.21 0.62
15 15.43 0.18 0.66
Outer (E) – – -0.06 0.44
Global (W) 4 18.72 0.19 0.27
6 18.27 0.30 0.21
8 17.95 0.31 0.19
10 17.75 0.37 0.17
Outer (W) – – 0.36 0.29
Eastern:
NW extension – – 0.06 0.58
SSC 1+2 0.43c 18.45 –
0.88 17.55 0.78d
1.17 17.29 0.69d
1.4e 16.97 0.31 0.68
SSC 4+5 0.43c 19.32 –
0.88 18.37 0.44d
1.17 18.11 0.30d
1.4e 17.34 0.32 0.39
Slit SE 1×0.8 17.24 – –
Slit NW 1×0.6 18.31 – –
a Aperture diameter in arcsec.
b Corrected for Galactic extinction as described in text.
c SOFI high-resolution image at 0.072 arcsec/pixel.
d (J−K)0, not (J−H)0, taken from SOFI medium-resolution
images at 0.146 arcsec/pixel.
e UKIRT low-resolution images at 0.280 arcsec/pixel.
that the NIR integrated colors do not resemble an evolved
stellar population, which we would expect to have colors
J −H ∼ 0.7 and H −K ∼ 0.2 (e.g., Frogel 1985). More-
over, these JHK colors are very unusual compared with
those of other BCDs (Thuan 1983). The two components
have significantly different global H − K colors with the
eastern component being ∼ 0.4 mag redder.
We have also performed photometry on the high-
resolution (Ks) images, the medium-resolution images (J
and Ks), and the low-resolution images (J , H , K) in or-
der to obtain photometry and colors of the SSCs 1+2 and
4+5 separately. Although the two sets of SSCs are not
well resolved with the UKIRT images, we wanted to esti-
mate the J −H color, but problems with seeing and the
proximity of the SSCs makes these magnitudes and colors
uncertain. In any case, it appears evident that the colors
are anomalous, but consistent with the global ones.
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4.2. Surface brightness profiles and outer colors
We have derived surface brightness profiles of both
SBS 0335-052 and SBS 0335-052W by extracting circu-
lar annuli; these are essentially equivalent to the deriva-
tive of the photometric growth curve. We have used circu-
lar annuli instead of ellipse fitting because the structure
in the source is not amenable to ellipse fitting, and we
mainly wanted to analyze the profiles for their asymp-
totic colors. The circular profiles of SBS 0335-052 are cen-
tered on the surface brightness peak, which corresponds
roughly to SSC 1–2. These profiles, shown in Fig. 7,
have been smoothed to two pixels (0.′′56) and extend to
23 mag/arcsec2 in K.
The mean colors in the outer regions, also reported
in Table 4 as “Outer”, are shown in the color panels as
horizontal dotted lines; they have been averaged over the
low surface-brightness regions in both components (µK ≥
20.5 in the brighter E, and µK ≥ 21.5 in the fainter W).
Like the integrated colors, these mean outer colors of J −
H = −0.06 ± 0.3 and H−K = 0.44 ± 0.5 in the eastern
component, and J − H = 0.36 ± 0.4 and H − K =
0.29 ± 0.2 in the western one are unusual, also relative to
other BCDs, and are not indicative of an evolved stellar
population.
To check the outer colors derived from the profiles, we
have also performed photometry on the faint region to
the northwest in SBS 0335-052, beyond SSC 4–5. These
results are given in Table 4 as “NW extension”, and are,
within the errors, consistent with the colors derived from
the radial profiles: namely J − H ≈ 0 and H − K ≈
0.4− 0.6.
4.3. Gaseous contribution to the NIR emission
It is well known that the nebular emission in young star-
bursts is relatively strong in the near-infrared, and in some
cases may dominate the broadband flux (Olofsson 1989;
Leitherer & Heckman 1995; Kru¨ger et al. 1995). Hence,
before comparing the NIR colors of SBS 0335-052 with
evolutionary model predictions, it is useful to determine
what fraction of the NIR emission is due to gas, rather
than stars. To do this, we have used the Brγ flux3 in
our two medium-resolution spectra to estimate the con-
tinuum emission in those positions, namely SSC 1–2 (A)
and SSC 4–5 (B). From the fluxes given in Table 3, and
with the emission coefficients given by Joy & Lester (1988)
for the physical conditions in SBS 0335-052 (20000K,
He+/H+ = 0.078: Izotov et al. 1997), we find a high per-
centage of gas emission in both SSC groups: 47% of theKs
emission in the spectroscopic aperture centered on SSC 1–
2 is nebular continuum, and 51% in the aperture centered
on SSC 4–5. Moreover, the Brγ line alone contributes 6%
3 And assumed that the lines are optically thin, which ap-
pears to be a reasonable assumption for the NIR recombination
lines in this source.
of the Ks flux of SSC 1–2 and 7% of SSC 4–5. Therefore,
the NIR colors of the SSCs are highly contaminated by
gas emission.
4.4. Near-infrared/optical colors
Fig.8 shows the color-color diagrams for J − K (lower
panel) and V −K (upper panel) versus V − I (taken from
Thuan et al. 1997). Observed colors not corrected for gas
emission are plotted. The labels inside the large open cir-
cles indicate the global colors (“E”), the SSCs included in
the measurement, and the extended region (“Ex”). Also
shown (with solid lines) are the Leitherer et al. (1999)
model predictions for a low-metallicity (Z⊙/20) instanta-
neous starburst. As explained in the figure caption, the
arrows denote times of 4 Myr, 10 Myr, and 25 Myr af-
ter the burst, with the youngest times being shown by
the heaviest lines. The J −K ∼ 0.8 of the outer regions
(“Ex”), as measured by the asymptotic colors in the radial
J −K profile is similar to that of SSC 1+2 and the global
J − K; it is also comparable to the J − K ∼ 0.7 of the
region NW of SSCs 4–5 (“NW”) measured from the J−K
color image and reported in Table 4.
Even though the SB99 models take nebular emission
into account, they do not predict the colors we measure
in this source. Part of the reason for this may lie in its ex-
tremely low metallicity, since the SB99 models are calcu-
lated for Z = 1/20Z⊙, not 1/40 Z⊙ as in SBS 0335-052.
One consequence of such low metallicity that could cause
deviations from the models is the resulting higher-than-
normal electron temperature which changes the colors of
the gas emission (to slightly bluer ones); therefore, the
correction implicit in the SB99 models would be inappro-
priate. Another contribution to the discrepancy, probably
the most important, is the extremely powerful line emis-
sion in this object; in the K band, the Brγ line alone
contributes between 6 and 7% to the observed emission,
and the V correction, including lines, is −0.5mag (Thuan
et al. 1997).
To better assess the effects of these factors on the
model predictions, we have constructed Z⊙/50 synthetic
spectral energy distributions (SEDs) which include stellar
and ionized gaseous emission in proportions based on our
optical spectra. We have used the stellar SEDs calculated
by Schaerer (2000, private communication) for a heavy el-
ement mass fraction of Z = Z⊙/50 and ages in the range
of t = 2 – 100 Myr. These SEDs are based on the same
input physics as those for higher metallicities discussed by
Schaerer & Vacca (1998). The observed gaseous spectral
energy distribution is then added to the calculated stellar
spectral energy distribution, its contribution being deter-
mined by the ratio of the observed equivalent width of
the Hβ emission line to the one expected for pure gaseous
emission. To calculate the gaseous continuum spectral en-
ergy distribution, the observed Hβ flux and the electron
temperature have been derived from the optical spectrum
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Fig. 7. Radial surface brightness and color profiles of SBS 0335-052 and SBS 0335-052W. The upper panels show the
K-band profiles, while the lower ones show J −H , H −K, and J −K. The dashed line in the upper panel shows the
uncertainties of the sky subtraction, and the dotted lines in the lower panels show the mean outer colors as explained
in the text.
(Izotov et al. 1997). The contribution of bound-free, free-
free and two-photon continuum emission has been taken
into account for the spectral range from 0 to 5 µm (Aller
1984; Ferland 1980). Emission lines are superposed on
the gaseous continuum SED with intensities derived from
spectra in the spectral range λ3700 – 7500 A˚. Outside this
range, the intensities of emission lines (mainly hydrogen
lines) have been calculated from the extinction-corrected
intensity of Hβ. The transmission curves in the Johnson-
Cousin-Glass photometric system for the U,B, V,R, I fil-
ters are taken from Bessell (1990) and for the J,H,K fil-
ters from Bessell & Brett (1988). The zeropoints are from
Bessell, Castelli & Plez (1998). The temporal evolution
of the stellar population is shown in Fig. 8 as a dotted
line; the dotted lines connecting the stellar tracks to the
filled circles show the gas contribution and the filled circles
the colors expected for gas+stars at metallicity of Z⊙/50
and 3 Myr of age, and at 5 Myr (with a larger extinction
to simulate SSC 4+5). Table 5 gives the colors predicted
by this model for a 3 Myr Z/Z⊙ = 1/50 stellar pop-
ulation together with the observed gas (continuum+line
emission) fractions. The gas fraction in K predicted by
this model is around 70%, 15% or so larger than that ob-
served (∼ 50%+6%; however, a contribution in K by hot
dust could explain the discrepancy (see Sect.5.1).
It is evident from Fig. 8 that our model predicts the
colors of SSCs 1–2 and SSCs 4–5 better than the SB99
models. The most likely explanation are the differences
Table 5. Synthetic model predictions for SBS 0335-052
at 3 Myr and Z/Z⊙ =1/50.
Process V − I V −K J −K J −H H −K
Vega -0.009 -0.008 -0.002 -0.003 0.001
Starsa -0.156 -0.471 -0.102 -0.045 -0.057
Gasb 0.576 2.097 1.034 0.406 0.628
Gasc -0.821 0.720 0.787 0.165 0.622
Totald -0.567 0.467 0.618 0.114 0.504
a At Z/Z⊙ =1/50.
b At 20000 K from Aller (1984) and Ferland (1980), and with
observed gas fraction and line emission, but with continuum
only.
c At 20000 K from Aller (1984) and Ferland (1980), lines +
continuum.
d Stars + gas (lines+continuum).
in the models: most importantly the recombination line
emission in the NIR, but also the low metallicity and the
high electron temperature of the gas, all significantly alter
the expected colors. The global (E) and extended (Ex)
emission in SBS 0335-052 are instead 0.3 mag redder in
J−K and V −K than our model for the observed V −I ≈
0 (Thuan et al. 1997). Part of this red color is almost
certainly due to the surface brightness limit in K; even
with 55 minutes of on-source integration, SBS 0335-052 is
so blue in the northwest, that we are not able to accurately
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Fig. 8. Near-infrared/optical color-color diagrams: the
upper panel shows V −K vs. V − I, and the lower panel
J −K vs. V − I. The colors are measured globally (“E”),
for the SSCs 1+2, 4+5, and for the extended region (“Ex”
in the figure). Also shown with solid lines are the evolu-
tionary synthesis models for the 1/20 Z⊙ instantaneous
starbursts taken from SB99. The arrows denote transi-
tions at 4 Myr, 10 Myr, and 25 Myr, with the heavier
lines showing the younger times. Our models for the 1/50
Z⊙ stellar population are shown as dotted lines; the lines
connecting the stellar tracks to the filled circles shows the
color change necessary to accommodate the observed gas
contribution to a 3 Myr and 5 Myr (with extinction) stel-
lar population.
measure the colors4 in those low surface brightness regions
4 We find a V −K here of roughly 2, which is equivalent to our
color surface brightness limit for a K limit of 21.4 mag/arcsec2 ,
and V of 23.4 mag/arcsec2 ; it is a strict upper limit.
(V ∼ 23.4 mag/arcsec2). The V −K in a higher brightness
area (V ∼ 22 mag/arcsec2), slightly closer to SSC 4+5,
gives the V −K of ∼1.3 shown in Fig. 8. Such a V −K
color, for the measured V − I of around zero, corresponds
to a rather old age in the SB99 models; however, there is
probably hot dust emission in the K-band (see Sect.5.1).
4.5. Near-infrared colors
Fig.9 shows the NIR colors of the various components of
SBS 0335-052 and SBS 0335-052W, and illustrates how
unusual the observed colors are. The sources shown in
the figure include SSCs 1+2, 4+5 (but this last with high
uncertainty); the global (E) and mean outer radial pro-
file (Ex) of the eastern source; analogous quantities for
the western source (W, Wx, respectively); and, finally,
the diffuse region to the NW of 4+5 (as solid circle with
error bars). Also shown in the figure (as solid lines) are
the SB99 Z⊙/20 instantaneous models, as well as mixing
curves for various processes (using the 3 Myr SB99 colors
as the starting point). Fig.9 also shows (as dotted lines)
our Z⊙/50 stellar models, together with the 3 and 5 Myr
stellar population + gas as described in the previous sec-
tion. As before, our models with line emission and at lower
metallicity than SB99 seem to better predict the colors of
SBS 0335-052.
The NIR colors of SBS 0335-052 (1+2, E, Ex, but 4+5
uncertain) shown in Fig. 9 are not well predicted by either
set of models. The colors of the global emission (“E”) are
close to those predicted for a very young starburst (age
< 4 Myr), and are probably dominated by SSCs 1+2.
The extended component of the eastern source, shown in
Fig. 9 as “Ex” and by the solid circle with error bars (the
NW diffuse emission), is not well modeled by the SB99
models, but at least the NW region is close to our model
predictions. In any case, the H−K colors of SSCs 1–2, E,
and the NW region are redder than either of the models.
A possible explanation for this discrepancy, suggested by
the dust mixing curves, is the presence of hot dust (see
Sect.5.1). Although the uncertainties are large, taken at
face value, the NIR colors of the E component appear to be
those of very young (3 Myr) stars and a large gas fraction,
together with a 20–30% contribution of hot dust added.
On the other hand, the western source colors are much
redder in J−H and bluer in H−K than those of the east-
ern one. The errors on the global colors are small (∼ 0.07),
so that this should be a reliable statement. For the same
metallicity, these color changes correspond to an older age:
both the global and asymptotic profile colors appear to
derive from stellar populations of 10–20 Myr of age, since
the points are near, but not on, the models of SB99 at
this age. However, the Hβ equivalent width, a good mea-
sure of starburst age, also suggests that the W source is
older than the E one (Lipovetsky et al. 1999), but with an
age not older than 5–7 Myr. Indeed, our models reproduce
approximately the NIR colors of the center (not shown in
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Fig. 9.Near-infrared color-color diagram: J−H vs.H−K.
Symbols as in Fig.8, but with “W” and “Wx” for West
global and extended. The solid circle with the error bars
for the NW extended region is derived from the color im-
age. Colors are not corrected for gas emission. Our model
and SB99 as in Fig. 8. Included also are (shown as dashed
lines) dust extinction, and hot dust with emissivity∝ 1/λ)
at two temperatures. The extinction curve tickmarks cor-
respond to AV =1 to 5 mags. The tickmarks for the dust
emission denote the fraction of the total K-band due to
dust, assuming a set of basis colors (in this case the 3 Myr
colors of SB99); the last tickmark is at equal contributions.
Fig. 9) of SBS 0335-052W with a single-age 6 Myr stel-
lar population (plus gaseous emission): J − H = 0.09,
H − K = 0.34 (c.f., Table 4 with J − H = 0.19 and
H −K = 0.27 in φ =4′′).
5. Stellar populations, star formation and dust in
SBS 0335-052
From the V − K and J − K colors in Fig. 8, we con-
clude that the SSCs 1+2 and 4+5 are very similar in
age, roughly 3–4 Myr according to our models and SB99.
Such a young age is consistent also with the spectral infor-
mation: we have detected no NIR absorption lines which
would be typical of red supergiants which onset at roughly
10 Myr (Maeder & Meynet 1988).
The extremely high EW of Brγ (> 200 A˚) also sug-
gests a very young age; indeed, the SB99 models predict an
age of between 3 and 4 Myr for such a high Brγ EW (in-
stantaneous burst at Z⊙/20 metallicity). To better quan-
tify this point we used the Brγ flux and K continuum
corrected for extinction and nebular emission to constrain
the starburst model of Rieke et al. (1993). We used a so-
lar neighborhood IMF (n. 3) and a burst duration of 1
and 5 Myr. Unfortunately the model is only available for
Z⊙ metallicity, and the drawbacks of its application to
low-metallicity environments are discussed by Vanzi et al.
(1996). The results are summarized in Table 6, in which
we have derived total mass, bolometric luminosity, and
age of the burst for different regions of the galaxy. Indeed,
as with the two other models, the stellar population age
is between 3 and 4.5 Myr. It also appears not be a partic-
ularly massive burst as total masses are around 107M⊙.
From the values of Table 6, we can infer a star forma-
tion rate between 2 and 10 M⊙/yr for the whole galaxy.
A higher correction to the K continuum, due for instance
to dust, would reduce this estimate (see Sect.5.1).
The V −K and J−K colors of the region extended to
the northwest beyond SSCs 4+5 in the eastern source (see
Fig. 8) seem to imply a young age similar to that estimated
for the SSCs, but with an excess in K. Although such an
excess could be imputed to our relatively low sensitivity
in K to the blue colors observed in SBS 0335-052, we find
a V −K ∼ 1.3, even in relatively high surface brightness
regions where our deep UKIRT K image is sufficiently
sensitive. The H−K colors of the extended region (NW),
shown in Fig. 9 are very red, and J −H is blue; the red
H −K is an indication that there may be hot dust also in
the extended region.
We can estimate what fraction of an evolved stellar
population could be present in SBS 0335-052, given the
observed NIR colors. The NIR is the best spectral region
to perform this estimate, since it is more sensitive than the
optical to evolved stars. First, we find absolutely no color
evidence for an evolved stellar population (age greater
than 10Myr) in any of the regions examined, including
the diffuse low-surface-brightness component. Hence, the
fraction of “hidden” evolved stars that could be present is
essentially dictated by the uncertainties on our NIR col-
ors. In the SSCs and the global colors, these are nominally
around 0.07 mag, since each magnitude has an uncertainty
of roughly 0.05 mag or better, including calibration errors.
Therefore, by adding the colors of an evolved (> 1Gyr)
to the 3 Myr SB99 color, we can estimate what fraction
of an evolved stellar population would be responsible for
a color change in J − H and H − K that is equivalent
to our measurement uncertainty. It turns out that J −H
changes by around 0.07 mag for a 16–18% contribution
of an evolved population to the 3 Myr SB99 color; the
concomitant H − K color change is smaller (0.03 mag).
Because we are observing the total colors, the fraction be-
comes 0.18/(0.18 + 1) or 15%; that is to say we cannot
exclude a 15% or smaller contribution to the NIR colors
(of the SSCs or globally) that derives from an evolved stel-
lar population. This upper limit is unchanged if we add
evolved NIR colors to a 3 Myr solar-abundance stellar
population (SB99), rather than to a metal-poor one.
L. Vanzi, L. K. Hunt, T. X. Thuan and Y. I. Izotov: The near-infrared view of SBS 0335-052 13
Table 6. Parameters used to constrain the Rieke93 model and quantities derived. Results are for a burst of duration
1 and 5 Myr. The Mass is espressed in 106 M⊙, the bolometric luminosity in 10
9 L⊙, the age in 10
6 yr.
region Log(UV) K-40% M(1) L(1) age (1) M(5) L(5) age(5)
Slit-LR 52.71 17.57 6.8 3.1 3.0 6.8 2.1 4.0
Slit-SE 52.49 17.80 4.9 2.2 3.0 4.1 1.3 4.5
Slit-NW 52.10 18.87 1.9 0.8 3.0 1.7 0.5 4.5
Slit-Tot 52.90 17.03 11.0 5.0 3.0 10.4 3.3 4.5
We are also interested in the fraction of evolved stars
that could be present in the diffuse region that extends to
the northwest. As shown in Fig. 9, the uncertainties there
are larger than those in the SSCs. If we take an error of
0.25 mag in J−H , we derive a ratio of 0.9 between evolved
and young stellar population colors. This implies that 47%
of the extended emission could derive from an evolved
population, given the J −H uncertainties in the extended
region. However, the J−H colors are not the whole story.
We find an H − K color of > 0.5 in the outer regions,
whether we use the integrated profiles or the photometry
of the color images to measure it. Such a red color is not
reproducible by adding an evolved stellar population to
the 3 Myr NIR colors; indeed, the H−K ∼ 0.2 color of an
evolved stellar population is bluer than that of stars+gas
at 3 Myr. It is difficult to imagine a scenario involving a
significant evolved stellar population in which the colors
are conveniently uncertain in J −H , but provide such a
red H −K.
5.1. Hot dust in SBS 0335-052
To investigate the hot dust that we have tentatively in-
voked to explain the red H −K colors, we have combined
the mid-infrared ISO spectrum of SBS 0335-052 (Thuan
et al. 1999) with the K-band emission after accounting for
the observed gas fraction. After subtracting the gas con-
tribution, we have assumed that half of the remaining K
band flux is due to hot dust. The combined SED has been
fitted with two modified blackbodies at different temper-
atures and a foreground dust screen. Dust temperatures
and amplitudes, dust emissivity index, and visual extinc-
tion AV were left as free parameters, and we have adopted
the extinction curve given in Draine (1989).
The resulting fit is shown in Fig. 10 as a dotted line.
The warm and hot components have temperatures of
226 K and 668 K, the cooler temperature being similar
to 260 K found by Thuan et al. (1999). The fitted emis-
sivity is around ν0.5 (instead of the ν1.5 used by Thuan
et al. 1999), and the amplitude of the hotter component
is 9% that of the cooler one at 10µm. At shorter wave-
lengths, the ratio of the hotter to the cooler component
increases, being 31% at 7.7µm and 68% at 6.7µm. The
fitted extinction AV is around 12 mag, but more uncertain
(± 1 mag) than the temperatures (uncertainties ± 10 K).
In any case, without a significant extinction, the SED is
very poorly fit as it is too narrow around its peak at 10 µm.
With two dust components, we find a slightly lower tem-
perature (for the cooler dust) and lower extinction than
the AV of 21 mag found by Thuan et al. (1999). Neverthe-
less, both models show that the mid-infrared extinction is
high, in variance with what we infer from the optical/NIR
recombination lines. The most likely explanation is the
clumpy nature of the interstellar medium, since we do not
detect peaks of emission at 2µm corresponding to hidden
SSCs. There may be a relatively high quantity of dust
globally, but not locally in the vicinity of the SSCs we
detect.
The fit of the mid-infrared spectrum around 10 µm is
poor in detail because the Draine extinction curve over-
predicts silicate absorption there (Lutz et al. 1996), and
indeed fits of the SED in SBS 0335-052 with the Galac-
tic Center curve give better results (Thuan et al. 1999).
However, it is clear that a hot-dust component can fit the
shorter-wavelength points very well, and consistently with
the K emission after gas subtraction. Indeed, such dust
seems to be necessary to explain the red H −K colors of
SBS 0335-052.
6. Conclusions
We can summarize the results of our work as follows:
1. The near-infrared spectrum of SBS 0335-052 is repre-
sentative of an extreme and young starburst galaxy.
The Brγ equivalent width indicates a very young age,
and is one of the largest ever observed in an extragalac-
tic object. The He I recombination lines support the
presence of young massive stars. Recombination and
H2 lines are strong, [FeII] and stellar absorption bands
are absent, which also implies a strong UV field and a
young stellar population; there is no spectroscopic evi-
dence for stars older than 5–6 Myr. Modeling the Brγ
and K continuum leads to a burst age≤5 Myr and a
star formation rate that can be as high as 10 M⊙/yr.
2. The spatial profile of the K continuum is shifted by
about 60 pc northwest of the emission line peak and it
is much closer to it than the optical peak at a distance
of 200 pc. This is explained with the dominant nebular
contribution to K. All optical and NIR emission lines
coincide and have consistent spatial profiles.
3. The near-infrared photometry of SBS 0335-052 is
highly contaminated by nebular emission. The optical
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Fig. 10. Mid-infrared SED (Thuan et al. 1999) with the
composite fit described in the text shown as a dotted line.
The ISO CVF spectrum is shown as a solid line, and
the broadband photometric points given in Thuan et al.
(1999) and in this paper (K) as ×.
and NIR colors are unusual, and after correction for
the gas contribution can be only understood as due
to a stellar population not older than 4 Myr, together
with hot dust at 670 K.
4. On the basis of the NIR colors, the stellar popula-
tion in SBS 0335-052W appears to be older than that
in SBS 0335-052; the colors are redder in J − H and
bluer in H − K and correspond to an approximate
age of 10–20 Myr according to SB99. However, optical
recombination line equivalent widths suggest that the
stellar population cannot be older than 10 Myr, and
our models suggest that the age is more likely around
5–7 Myr.
5. The gas-corrected spectrum from 2 to 17µm is well fit
by two thermal components (hot dust at 670 K, and
cooler dust at 225 K), together with AV = 12mag of
visual extinction in a foreground screen.
6. We do not find evidence at 2µm for optically hidden
star formation.
7. Judging from the uncertainties on the NIR photome-
try, the possible contribution from an evolved stellar
population in SBS 0335-052 cannot exceed 15%.
SBS 0335-052 appears to be an unusual object, as there
is no evidence, even in the near-infrared, for an evolved
stellar population deriving from an earlier burst. This is in
contrast to results for the lowest-metallicity galaxy known,
I Zw 18, in which Aloisi et al. (1999) and O¨stlin (2000)
claimed to detect a 1–4 Gyr underlying stellar population.
If the star-formation rates derived from our modeling are
representative, then stars are forming in SBS 0335-052
extremely rapidly, but how such a rate is connected to
the formation of SSCs is an open question. It could be
that under certain conditions, star formation, galaxy gas
consumption, and evolution proceed very quickly, while in
others, evolution is slower. Future work will be aimed at
better quantifying what these conditions might be, and
how they relate to metallicity.
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